I n t r o d u c t i o n
I n the 1960's x-ray Raman s c a t t e r i n g , the i n e l a s t i c s c a t t e r i n g o f hard xrays by the i n n e r -s h e l l e l e c t r o n s i n l i g h t elements, was confirmed t o be d i s t i n c t from t h e so-called Compton s c a t t e r i n g and t o y i e l d a s i m i l a r energy spectrum t o the s o f t x-ray absorption spectrum as had been expected t h e~r e t i c a l l~l -3 .
The energy r e s o l u t i o n o f about 20 eV f o r the x-ray i n el a s t i c s c a t t e r i n g experiments o f those days however was so poor t h a t i t was almost impossible t o compare the c h a r a c t e r i s t i c s o f the x-ray Raman spectrum e i t h e r w i t h near edge f i n e s t r u c t u r e measurements o r even w i t h t h e o v e r a l l shape o f t h e h i g h l y accurate absorption experiments o f about 0.1 eV r e s o l u t i o n made using synchrotron r a d i a t i o n and advanced techniques f o r sample preparations. The essential features o f x-ray Raman s c a t t e r i n g r emain ambiguous w i t h respect t o i t s re1 a t i o n t o s o f t x-ray absorption.
The f i r s t synchrotron r a d i a t i o n x-ray Raman measurements f o r L i , Be and g r a p h i t e reported here are mainly intended t o i n v e s t i g a t e i t s equivalence t o absorption spectroscopy.
Theoretical Background
The double d i f f e r e n t i a l cross section d2cr/dndw f o r i n e l a s t i c x-ray scatter i n g i s given i n f i r s t -o r d e r p e r t u r b a t i o n theory by where r, i s the c l a s s i c a l e l e c t r o n radius, fiw, and %w' are the energies, go and $' are the polarizatio?. vectors o f the i n c i d e n t and the scattered photons, r e s p e c t i v e l y , and S(q, w) i s t h e dynamic s t r u c t u r e f a c t o r which ref l e c t s the p r o p e r t i e s o f the s c a t t e r i n g system. W i t h i n the l i m i t s o f the one-electron approximation the dynamic s t r u c t u r e f a c t o r s ( : , w) due t o the e x c i t a t i o n o f an i n n e r -s h e l l one e l e c t r o n s t a t e 10) w i t h energy E , i n t o a one-electron Bloch s t a t e jk> w i t h energy Ek i s given by
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where i s the transferred momentum and fiw i s the energy transfer T w o -
For the case in which q i s small such that
On the other hand, the total cross section for the s o f t x-ray absorption due t o the inner-shell electrons of l i g h t elements i s given in the dipole approximation by where a i s the orbital radius of inner-shell electrons, Mizuno and Ohmura have applied the dipole approximation by retaining only the f i r s t two terms in the pow r,series expansion of el*.' in eq. (21 where n u i s the absorbed soft x-ray photon energy, which i s identical t o the energy transfer i n the xray Raman scattering process, ' 6 i s i t s polarization vector, and T ( w ) has the same functional form a s defined in eq. (511. As has been pointed out by Mizuno and Ohmura, the x-ray Raman spectrum should have essen t i a l l y the same shape as the corresponding s o f t xray absrption spectrum1. I t i s also found that the momentum transfer 6 plays the same role as the polarization vector 8 in absroption spectroscopy in defining the crystalline direction in which information about the density of unoccupied states may be obtained.
and derived the following expression for the dynamic
-
structure factor s($, w ) of the x-ray Raman scattering1 
Experiments
The double d i f f e r e n t i a l cross section f o r the x-ray Raman s c a t t e r i n g by L i , Be and graphite was measured by means of a spherically bent Si-crystal-analyzer i n connection with a double-crystal monochromator mounted on the twoaxi s-di ffractometer a t HASYLAB using synchrotron x-rays from DORIS 114. The experimental setup and the data processing were t h e same a s f o r t h e measurement of t h e dynamic s t r u c t u r e f a c t o r of t h e valence electrons i n L i met a l reported i n Ref. 5 . Some of the measurements were performed by means of a Si (333) spherically bent crystal analyzer combined with a Ge(220) doublecrystal-monochromator f o r t h e photon energy of 5.95 KeV with an overall energy resolution of t h e spectral analysis of 1.0 eV measured f o r the FWHM of the Rayleigh l i n e s . For the other measurements the Si(444) r e f l e c t i o n of the spherically bent crystal analyzer was used i n connection with a Ge(311) asymmetric-cut double-crystal monochromator f o r the photon energy of 7.93 KeV with an energy resolution of 0.8 eV. Each of the followin experimental r e s u l t s a r e characterized by the dimensionless parameter qa.
Eperimental Results
After normalization using the f sum r u l e f o r the s( : , w ) p r o f i l e from t h e valence electrons, an almost f l a t background due t o the t a i l of the valence electron p r o f i l e was subtracted. The f i n a l experimental values of the x- The Li-Raman spectra a r e shown i n Fig. l ( a ) . Within the s t a t i s t i c a l accuracy, the spectra a r e independent of q-direction. In contrast, t h e Be-Raman spectra e x h i b i t an anisotropy as shown i n Fig. l ( b ) . A remarkable anisotropy e x i s t s f o r the highly oriented pyrolytic graphite data a s seen i n Fig.  l ( c ) .
Comparison with absorption spectra
Since the L i Raman spectra are independent of q-direction, t h e x-ray Raman 
where I . I V i s the c o n t r i b u t i o n o f t h e valence e l e c t r o n s t o t h e absorption c o e f f i c i e n t (here we assume uv a w-31, w i s the absorbed phonen energy, and c i s the normalization constant g i v i n g the same area as the Raman spectra over t h e energy range up t o 57.5 eV. I n Fig. 2(b) the p o l y c r y s t a l l i n e Be Raman s ectrum i s compared w i t h t h e absorption curve measured by t h e same authorsp. The absorption data was derived i n the same way as f o r L i w i t h t h e normalization range up t o 116 eV. The agreement between the two types of measurement i s good both over t h e i r f i n e s t r u c t u r e and over t h e i r overa l l shape. It can be concluded t h a t the x-ray Raman spectrum i s e s s e n t i a l l y e q u i v a l e n t t o the corresponding s o f t x-ray absorption spectrum. I n t h e case o f Be, however, a discrepancy can be seen a t about 14 eV from t h e edge. T h i s may be due t o the samples used. Sample preparation f o r s o f t x-ray abs o r p t i o n spectroscopy i s a r e a l problem when r e l i a b l e b u l k i n f o r m a t i o n i s t o be obtained. X-ray Raman s c a t t e r i n g w i l l , therefore, provide a powerful a l t e r n a t i v e experimental t o o l t o EXAFS f o r s t r u c t u r e i n v e s t i g a t i o n s i n 1 i g h t elements.
The x-ray Raman s c a t t e r i n g experiment has t h e f o l l o w i n g advantages over t h e s o f t x-ray absorption experiment f o r l i g h t elements: 2. One can simply make an anisotropy measurement. The s c a t t e r i n g vector $, which plays the same r o l e as the p o l a r i z a t i o n vector $ i n absorption spectroscopy, can be a1 i gned w i t h any c r y s t a l o r i e n t a t i o n near1 y i ndependently o f t h e sample geometry. 
